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1. Definition of terms:

1. First pass time: Time from placement of guide catheter to completion of first pass, in minutes
2. Total procedure time: Time from groin puncture to groin closure, in minutes
3. Total additional devices used: Total number of microcatheter, microwire, distal access catheters and stent retriever used in the procedure. 
4. Total device cost: Cost of devices used in mechanical thrombectomy, including sheath, guide, aspiration catheter, other additional devices used if any, in pounds (£)
5. Successful recanalization: eTICI = 2c/3 at the end of the procedure
6. First pass effect (FPE): Successful recanalization (eTICI = 2c/3) at the end of first pass
7. Total passes: Total number of passes during mechanical thrombectomy
8. Cervical carotid: morphology of cervical carotid artery; categorical (straight, tortuous, coiled including S-shaped loops, kinked); Coiled (including S-shaped loops) and kinked carotids are considered as difficult carotid anatomy; based on Koge et al (22). 
9. Cavernous: morphology of cavernous carotid artery; ordinal (Type I to IV); Type III and IV are considered as difficult cavernous carotid anatomy; based on Koge et al (22).
10. Aspiration catheter type: Name of the catheters; For regression, catheters were classified as RED and non-RED catheters. 
11. IVT: Intravenous thrombolysis given / not given. 


2. Methodology of regression:

Multiple linear regression models were built for each outcome (first-pass time, total procedure time, additional devices used and total device cost), regressed against steam shaping as the indicator variable with baseline characteristics (age, sex, thrombus location, difficult cervical carotid and cavernous vessel morphology, intravenous thrombolysis given or not) and procedure characteristics (total passes, neurointerventionalist, type of aspiration catheters) as covariates. As first-pass time was not dependent on total passes, total passes was not included in the model for first-pass time. 
Technique: Step-wise multiple linear regression (backward)
Spearman correlation was performed for all covariates. None of them were correlated. Analysis started with full model (with all covariates); variables with P(β) < 0.1 were removed from the model step-wise, starting with variable having highest P. P(β) < 0.05 was considered significant (beta coefficient is not zero). For the model as a whole, P < 0.05 was considered as significant (model can reliably predict the outcome). 

Final models:
	Outcome
	Independent variables

	First-pass time
	Steam shaping, difficult cervical carotid, difficult cavernous, age, IVT

	Total procedure time
	Steam shaping, total passes, neurointerventionalist, thrombus location (M1 MCA)

	Total additional devices used
	Steam shaping, difficult cervical carotid, total passes

	Total device cost
	Steam shaping, difficult cervical carotid, total passes



Rationale for using linear regression instead of generalized linear models (GLM):
As expected, the outcome variables (time, number of devices, cost) were right skewed, as most of the cases were finished in short time and less cost while few involved more cost and time. Hence the distribution of outcome variables were more towards Gamma for continuous variables (cost and time) and Poisson for discrete variable (number of devices) rather than normal distribution. For the same reason, variables had different variances for different number of passes. 
At this point we had a discussion whether to use linear regression or GLM with Gamma / Poisson & log link. The main reason we decided to stick with linear regression was, the coefficients would give x amount of reduction in cost / time when steam shaping was used, rather than x% reduction in cost / time through GLM with log link. In practice, steam shaping is likely to help in the initial few passes when aspiration catheter was used alone. When additional devices or SR approach were used, there is likely to be no more additional cost or time savings in two groups with steam shaping. This would likely result in fixed amount of time / cost savings (those from initial passes) and should not change proportionately in the cases were more passes were performed (as GLM results would say). For this reason, we thought linear regression would be the best choice of regression as it would give more practical relation with outcome variables. 
Since our aim to do regression was mainly to find the effect of steam shaping over outcome variables in the presence of covariates, we were interested mainly in coefficient of steam shaping in regression models. We knew that even in non-normal, heteroscedastic data, linear regression, ordinary least squares (OLS) gives the best unbiased linear estimate (coefficient), although standard errors of coefficients (and hence confidence intervals and P-values) might be off. To avoid that, we used robust standard errors (with resultant correction of CI and P-values). Robust standard errors adjust for the heteroskedasticity providing more reliable estimates of standard errors in the presence of heteroskedasticity. This leads to more accurate confidence intervals and P-values. Also, since our sample size was relatively high, central limit theorem may be invoked which suggests that, as the sample size grows (usually more than 30), the sampling distribution of the OLS estimates (coefficients) tends to become approximately normal, even if the residuals themselves are not normally distributed, and hence allowing us to rely on the standard inferential techniques post-regression. 
With the above said reasoning (i.e., practically OLS results closer than GLM with log link results, good sample size for normality through CLT, and use of robust standard errors (and CI) for heteroscedasticity) we continued with linear regression. We checked for independence and multicollinearity, which the models did not violate. 


3. Supplementary table:

Supplementary Table 1: Differences in primary outcome measures (first pass time, total procedure time, total number of additional devices used and total device cost) for the two groups (ASCEND compared to conventional ADAPT as first pass technique) for a single operator when RED devices are removed from the analysis, as measured by Wilcoxon rank-sum test. 

	Outcome (median, IQR)
	cADAPT group 
(n=39)
	ASCEND group 
(n=14)
	P value

	First pass time, minutes
	14.7 (12.8-21.2)
	8.1(4.9-10.7)
	0.0004

	Total procedure time, minutes
	36.0 (22.7-87.9)
	23.6 (16.4-36.2)
	0.0377

	Total additional devices used
	3 (2-4)
	1.5 (0-3)
	0.0095

	Total device cost, £
	5830 (2866-6613)
	3965.5 (2083 – 5830)
	0.0213


P < 0.5 are considered significant differences between groups.


4. Supplementary media:

Supplementary Media 1: Anonymized sample cases showing use of ASCEND technique to navigate the aspiration catheter to the clot. Case 1 – non difficult anatomy; Case 2 – coiled cervical carotid artery; Case 3 – Type III cavernous tortuosity; Case 4 – Kinked cervical carotid artery.

5. Survey – Part 1
Total responses - 34
Section 1 - Introduction:
X (Author’s institute) is collecting information regarding the potential impact of using a simple step (steam shaping of aspiration catheter, ASCEND technique) during mechanical thrombectomy procedure. Details will be given in the questions below. Please note that this is a dynamic form that changes depending on the options answered. 
We are getting some personal information, mainly mail address so that we may get back to you if there are any other feedback questions. This is optional and can be skipped if you want to remain anonymous.

1a. Please indicate your name or initials
Confidential

1b. Please indicate your current position. (For eg, consultant, fellow second year of training)
	Consultant
	32/34
	94.1%

	Specialist
	1/34
	2.9%

	Associate Professor 
	1/34
	2.9%



1c. Please indicate your approximate years of experience in interventional neuroradiological (INR) procedures. Please include your years training as well. For example, if you have had 3 years of training and working for last 6 months as consultant, then the response is 3.5
Median – 8 years; Range 3 – 30 years

1d. Please indicate the country where you work currently
	England / UK
	14/34
	41.2%

	India
	15/34
	44.1%

	USA
	3/34
	8.8%

	Canada 
	2/34
	5.9%



Section 2 - Thrombectomy - General Survey
This section includes questions about your general practice of mechanical thrombectomy

2a. In your place of work, who pays for the devices used during mechanical thrombectomy procedure? Please indicate the most common scenario.
	Government, either directly or through government appointed bodies such as NHS
	16/34
	47.1%

	Patient
	15/34
	44.1%

	Medical Insurance
	3/34
	8.8%



2b.  Which scenario fits best in your current place of practice?
	I consciously work to limit the devices used as far as possible, to reduce the cost involved
	19/34
	55.9%

	There are no cost related constraints, and I can use any number of devices as required
	15/34
	44.1%



2c. What is your usual choice for fist pass / pull in anterior circulation large vessel occlusion mechanical thrombectomy?
	Aspiration only
	18/34
	52.9%

	Hybrid (aspiration + stentriever)
	14/34
	41.2%

	Stentriever only (with or without intermediate catheter for support)
	2/34
	5.9%



2d.  Which segment of the ICA is usually the most difficult segment to cross with aspiration catheter in your practice?
	Anterior genu and proximal ophthalmic segment
	34/34
	100%

	Cervical ICA (especially with coils, loops and kinks)
	0/34
	0%

	Posterior genu
	0/34
	0%

	ICA bifurcation
	0/34
	0%



2e. When such a difficulty is faced what techniques do you tend to use to cross the difficult segment (select all that apply)?
	Use of intermediate catheters (such as 3MAX)
	10/34
	29.4%

	Use of microcatheter / microwire in place of 0.035 wire
	28/34
	82.4%

	Use of opened stentriever as a support (in occluded segment) to forward the aspiration catheter
	29/34
	85.3%

	Others (user input: Manipulate Terumo and support with Neuronmax; do not try for too long - use stentriever instead)
	1/34
	2.9%



2f.  When such a difficulty is faced what is the first choice of technique to cross the difficult segment?
	Use of intermediate catheters (such as 3MAX)
	1/34
	2.9%

	Use of microcatheter / microwire in place of 0.035 wire
	24/34
	70.6%

	Use of opened stentriever as a support (in occluded segment) to forward the aspiration catheter
	8/34
	23.5%

	Others (user input: Manipulate Terumo and support with Neuronmax; do not try for too long - use stentriever instead)
	1/34
	2.9%





Section 3 – Steam shaping (ASCEND technique):
This section introduces steam shaping, a simple technique for aspiration thrombectomy. Steam shaping involves shaping of aspiration catheter with shaping mandrel (similar to steam shaping of microcatheter for aneurysms) in a shape corresponding to the anterior genu & proximal ophthalmic segment. 
The main advantage of using steam shaped catheter is that it avoids use of any additional devices to reach the clot in most of the cases. The aspiration catheter maybe taken up to the level of clot with the help of standard 0.035 wire placed up to the level of anterior genu / ophthalmic segment. (Video attached below). 
Sample image showing steam shaped aspiration catheter corresponding to the shape of anterior genu (image, Fig 1a)
Sample cases showing the use of steam shaped aspiration catheter. If the video quality appears inadequate, please click settings --- video quality --- 720p. If needed to be seen in full screen please use the link below (link for video, Supplement media)

Section 4 - Steam shaping - questions

4a. Are you routinely using steam shaping of aspiration catheter / intermediate catheter to facilitate its tracking?  
	No
	33/34
	97.1%

	Yes (form will move to Section 5 to get feedback for using steam shaping)
	1/34
	2.9%



4b. Have you noticed aspiration / intermediate catheters such as ACE / JET / RED / Sofia catheters coming with a shaping mandrel?
	No
	18/33
	54.5%

	Yes 
	15/33
	45.5%



4c. After seeing the video from previous section: If aspiration catheter can be used with only 0.035 wire to reach distal ICA or MCA clot, without any additional risk of complications to the patient, would you be comfortable doing this (select all that apply)?  
	Yes, it makes procedure simple / easy without use of microcatheter or distal access catheters
	22/33
	66.7%

	Yes, as it decreases procedure time and hence recanalisation time
	18/33
	54.5%

	Yes, as it reduces cost of the procedure
	19/33
	57.6%

	No, I would like to continue the same, as I am comfortable with what I do, and I worry about additional complications
	4/33
	12.1%

	Other responses (user input: details below)
1. Yes, but worried about catheter performance after shaping.
1. Yes, but I would like to continue what I use (hybrid with stent).
1. I don’t see a need; current techniques work fine and are quick. Pushing a shaped aspiration catheter over an 035 wire just risks traumatising the vessel.
1. I would consider shaping the aspiration catheter but not the aspiration only technique because I think that using the combination aspiration/stentriever reduces breakage of clot compared to aspiration only.
1. I would be comfortable doing this for selected cases.
1. Yes, but I do find e.g., JET tip can degrade even without steam shaping so I am cautious in case it exacerbates this.
1. Generally, I cross this segment with 0.014 wire. So, I’d only be comfortable trying this if there is a dedicated soft 0.035 wire that’s been tested and proven safe at this level. Also shaping catheter takes time, possibly more than taking a microcatheter to track it over.
1. I am not an aspiration first guy. I find reusability is better with retriever than aspiration catheters
1. Yes, if aspiration is primary intention
	9/33
	27.3%



4d. After this introduction to steam shaping, do you like to try this technique for future patients?
	Yes
	29/33
	87.9%

	No
	4/33
	12.1%



4e. Do you like to give us feedback after using this technique? If yes, you will receive a follow up short survey after a month to get your experience in using this. Please note that email will be collected if answered yes.
	Yes
	26/33
	78.8%

	No
	6/33
	18.2%



4f. Please give your email for sending follow up survey to get your experience is using steam shaping for aspiration catheters
Confidential

Section 5 - Steam shaping feedback
One response out of 34 initial responses. Results to be collated with 26 other potential responses (question 4e) after one month of trial with steam shaping. Results in part 2 survey. 


6. Survey – part 2 (Follow up)
Follow up sent to 26 participants who accepted to try steam shaping for aspiration catheter
Total responses - 17
Section 1 - Introduction
Thanks for participating in the initial survey regarding use of steam shaped aspiration catheters for mechanical thrombectomy. You are receiving this mail as you have opted for follow up survey after trying steam shaped aspiration catheters. 
1a. Please indicate your mail address. This is to link the current survey answers with the previous answers.
Confidential
1b. Did you get a chance to use 'Steam shaping' for aspiration catheters since the initial survey, and ready for giving a follow up?
	[bookmark: _Hlk157269795]Yes
	10/17
	58.8%

	No (please note that survey will end here)
	7/17
	41.2%



Section 2 - Steam shaping - feedback: 
Please give your experience in using steam shaping of aspiration catheters. (Note: This section includes 10 responses from part 2 survey and 1 response from part 1 survey)

2a. How many cases have you tried steam shaping (approximate number)? 
Median – 5; IQR (3.5 – 7)

2b. What was your choice of first pull / pass before knowing about steam shaping?
	Aspiration
	7/11
	63.6%

	Stentriever
	1/11
	9.1%

	Hybrid
	3/11
	27.3%



2c. What is your choice of first pull / pass after knowing about steam shaping and trying it?
	Aspiration
	9/11
	81.8%

	Stentriever
	0/11
	0.0%

	Hybrid
	2/11
	18.2%



2d. After using steam shaping, do you think it reduces the cost? On a scale of 0 (least likely) to 5 (highly likely). 
Median – 4
	1
	0/11
	0.0%

	2
	0/11
	0.0%

	3
	2/11
	18.2%

	4
	7/11
	63.6%

	5
	2/11
	18.2%





2e. After using steam shaping, do you think it reduces the procedure time / recanalization time? On a scale of 0 (least likely) to 5 (highly likely). 
Median – 4
	1
	1/11
	9.1%

	2
	1/11
	9.1%

	3
	1/11
	9.1%

	4
	3/11
	27.3%

	5
	5/11
	45.5%



2f.  After using steam shaping, do you think it makes the procedure of MT easy / simple?  On a scale of 0 (least likely) to 5 (highly likely).
Median – 4
	1
	0/11
	0.0%

	2
	1/11
	9.1%

	3
	3/11
	27.3%

	4
	5/11
	45.5%

	5
	2/11
	18.2%



2g.  After using steam shaping, what do you think about the complications (directly related to steam shaping such as carotid dissections, vessel rupture), when compared with before using steam shaping?
	more complications from using steam shaping
	0/11
	0.0%

	similar complications
	8/11
	72.7%

	less complications
	3/11
	27.3%



2h. How likely are you to recommend this technique to others?  On a scale of 0 (least likely) to 5 (highly likely).
Median – 4
	1
	0/11
	0.0%

	2
	0/11
	0.0%

	3
	2/11
	18.2%

	4
	5/11
	45.5%

	5
	4/11
	36.4%
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